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Fig. 1. Components of hydraulic ram pumps system
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Table 1. Experimental range of dimensionless parameters

No. Parameter Maximum  Minimum Average Standard Deviation
1 q/Qr 0.077 0.007 0.027 0.017
2 Q/Qr 0.992 0.922 0.972 0.017
3 nD/u, 0.023 0.026 0.025 0.0009
4 h/h, 0.10 0.662 0.377 0.168
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Table 2. Experimental values of the impulse valve's loss in various length strokes

No. Test Lengths of Valve Stroke

Drag Coefficient

Friction Coefficient

0 d giv
1 0.0015 25.01 58.85
2 0.0032 6.17 19.93
3 0.0047 2.48 12.05
4 0.0064 1.36 8.67
5 0.008 0.9 6.71
6 0.0095 0.668 5.42
7 0.0111 0.52 4.49
8 0.0127 0.417 3.8

Equation of Drag Coefficient

Equation of Friction Coefficient

K4 =0.0001xS,"%" | R*=0.99
g, =0.0064xS,"41* | R?=0.99
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Table 3. Error functions resulted from prediction of
q/QT observational values by analytical models

Researchers MPE RMSE ME EF m

Present Study - 0.0038 0.0052 95.27 1.0784
4.539

Lansford and 10.58 0.0039 0.0002 0.9520 1.1051

Dugan 1941

Tacke 1988 18.37 0.0046 0.0015 0.9310 1.1269
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